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SYSTEMS AND METHODS FOR IMPROVING 
USABILITY OF IMAGES FOR MEDICAL 
APPLICATIONS 



CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority of U.S. Provisional Patent 
Application Serial Number 60/415,992 filed October 5, 2002, which is hereby 
incorporated by referenced in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to images used in medical 
applications, and more particularly to methods and apparatus for improving usability 
of images for medical applications. 

[0003] As a patient breathes, organs move within the chest and 
abdominal cavity of the patient. If images are acquired while the patient is breathing 
anatomical information in a sUce of image of the patient may be blurred and not 
clinically useful. Multiple acquisitions and short breathe holds are used to determine 
organ motion. Multiple acquisitions and short breathe holds are also used to obtain 
images with little or no respiratory motion. The extent of organ motion during a 
respiratory cycle is not easily determinable in a consistent manner. As a result, an 
organ, which should be treated, is sometimes not treated with a maximum amoimt of 
radiation or surrounding organs are exposed to unneeded radiation due to respiratory 
motion of the patient. Accordingly, it would be desirable to be able to collect data 
while the patient is breathing and then sort data to the same point in the respiratory 
cycle thereby freezing motion which would otherwise blur anatomical information in 
the data. It would also be desirable to provide information about the location of an 
organ in relationship to other organs at a point in the respiratory cycle. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] In one aspect, a method for retrospective internal gating is 
provided. The method includes scanning a patient to obtain projection data, 
generating images from the projection data, generating a signal representing 
information regarding a physiological cycle of an object within the patient, specifying 
at least one target phase based on which the images can be sorted, and sorting the 
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images based on the target phase within a cycle of motion of the object to generate at 
least one series of images. 

[0005] In another aspect, a system for imaging a moving object 
within a patient is provided. The system includes a computed tomography (CT) 
scanner configured to acquire projection data of the patient, an image reconstructor 
coupled to the CT scanner and configured to generate images corresponding to the 
projection data, a device coupled to the scanner and configured to generate a signal 
representing information regarding a motion of the object; and a controller coupled to 
the image reconstructor. The controller is configured to enable a user to specify at 
least one target phase and sort the images based on the target phase within a cycle of 
the motion of the object to generate at least one series of images. 

[0006] In yet another aspect, a system for imaging a moving object 
within a patient is provided. The system includes a computed tomography (CT) 
scanner configured to acquire projection data of the patient, an image reconstructor 
configured to generate images corresponding to the projection data, a device 
configured to generate a signal representing information regarding a motion of the 
object, and a controller. The controller is configured to enable a user to specify at 
least one target phase and sort the images based on the target phase within a cycle of 
the motion of the object to generate at least one series of images. 

[0007] In still another aspect, a computer is provided. The computer 
is configured to instmct a scanner to acquire projection data of the patient, instmct an 
image reconstmctor to generate images corresponding to the projection data, instruct a 
device to generate a signal representing information regarding a motion of the object, 
enable a user to specify at least one target phase, and sort the images based on the 
target phase within a cycle of the motion of the object to generate at least one series of 
images. 

[0008] In another aspect, a computer-readable medium encoded with 
a program is provided. The program is configured to instmct a scanner to acquire 
projection data of the patient, instmct an image reconstmctor to generate images 
corresponding to the projection data, instmct a device to generate a signal representing 
information regarding a motion of the object, enable a user to specify at least one 
target phase, and sort the images based on the target phase within a cycle of the 
motion of the object to generate at least one series of images. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Figure 1 is a perspective an embodiment of a positron 
emission tomography/computed tomography (PET/CT) system in which systems and 
methods for improving usability of images for medical applications are implemented. 

[0010] Figure 2 is a block diagram of the PET/CT system of Figure 

1. 

[0011] Figure 3 is a block diagram of coimectors that are used to 
couple a computer and a physiological information device (PID) of the PET/CT 
system of Figures 1 and 2. 

[0012] Figure 4 is a circuit diagram of a circuit for receiving 
Resp_mon signals from the PID and sending Resp_monjtn signals to the PID of 
Figure 3. 

[0013] Figure 5 is a flowchart of an embodunent of a method for 
improving usability of images for medical applications. 

[0014] Figure 6 is a graph illustrating an embodiment of a step of 
calculating phases in the method. 

[0015] Figure 7 is a plurality of graphs illustrating a step of sorting 
images in the method. 

[00 1 6] Figure 8 shows an embodiment of a user interface or an image 
selection screen that enables the user to select target phases and phase tolerances of 
images generated using the PET/CT system of Figures 1 and 2. 

[0017] Figure 9 shows an annotation of an image that is generated 
using the PET/CT system. 

[0018] Figure 10 shows an embodiment of an image review screen 
used by the user to review images that are selected by the user for each target phase. 

[0019] Figure 11 shows an embodiment of a popup window that is 
displayed when a "Save Series" button is selected on the image review screen. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0020] In computed tomography (CT) imaging system 
configurations, an X-ray source projects a fan-shaped beam which is coUimated to lie 
within an X-Y plane of a Cartesian coordinate system and generally referred to as an 
"imaging plane". The X-ray beam passes through a subject, such as a patient, being 
imaged. The beam, after being attenuated by the subject, impinges upon an array of 
radiation detectors. The intensity of the attenuated radiation beam received at the 
detector array is dependent upon the attenuation of an X-ray beam by the subject. 
Each detector element of the array produces a separate electrical signal that is a 
measurement of the beam intensity at the detector location. The intensity 
measurements firom all of the detectors are acquired separately to produce a 
transmission profile. 

[0021] In third generation CT systems, the X-ray soiirce and the 
detector array are rotated with a gantry within the imaging plane and around the 
subject to be imaged such that the angle at which the X-ray beam intersects the 
subject constantly changes. A group of X-ray attenuation measurements, i.e., 
projection data, fi-om the detector array at one gantry angle is referred to as a "view". 
A "scan" of the subject comprises a set of views made at different gantry angles, or 
view angles, during one revolution of the X-ray source and detector. Examples of a 
scan include an axial scan, a cine scan, and a helical scan. 

[0022] In an axial scan, the projection data is processed to construct 
an image that corresponds to a 2-dimensional (2D) slice taken through the subject. 
One method for reconstructing an image fi'om a set of projection data is referred to in 
the art as the filtered back projection technique. This process converts the attenuation 
measurements fi-om a scan into integers called "CT numbers" or "Hounsfield units", 
which are used to control the brightness of a corresponding pixel on a cathode ray 
tube display. Positron emission tomography (PET) scanners incorporate a process 
similar to that found in CT, in that a map or the subject attenuation can be generated. 
A method to perform this attenuation measurement includes use of rotation rod 
sources containing positron-emitting radionuclides. The rods rotate outside the 
patient bore, but inside the diameter of the PET detector ring. Annihilation events 
occurring in the rods can send one photon into a near-side detector while the pair 
photon traverses an object of interest, such as, for instance, lung or heart, of the 
subject, in a manner similar to the CT X-ray. The data found from this method 
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contains essentially the same infonnation as that found from the CT method except 
for the statistical quality of the resultant data. In the rotating rod case, the statistical 
quality is orders of magnitude inferior to most common CT scans. For the PET 
purpose, data acquired in this manner is used to correct for the attenuation seen in the 
subject by the SllkeV photons, which is often the most substantial correction 
performed on the PET data. In a cine scan, the projection data is processed to 
construct a 2-dimensional (2D) or a 3-dimensional (3D) slice taken through the 
patient. 

[0023] To reduce the total scan time, a "helical" scan may be 
performed. To perform a "helical" scan, the patient is moved while the data for the 
prescribed number of slices is acquired. Such a system generates a single helix from a 
fan beam helical scan. The helix mapped out by the fan beam yields projection data 
from which images in each prescribed slice may be reconstructed. 

[0024] Reconstruction algorithms for helical scanning typically use 
helical weighing algorithms that weight the collected data as a function of view angle 
and detector channel index. Specifically, prior to a filtered backprojection process, 
the data is weighted according to a helical weighing factor, which is a function of both 
the gantry angle and detector angle. The weighted data is then processed to generate 
CT numbers and to construct an image that corresponds to a two dimensional slice 
taken through the subject. 

[0025] At least some CT systems are configured to also perform 
Positron Emission Tomography (PET) and are referred to as PET/CT systems. 
Positrons are positively charged electrons (anti-electrons) which are emitted by radio 
nuclides that have been prepared using a cyclotron or other device. The radionuclides 
most often employed in diagnostic imaging are fluorine-18 (*^F), carbon-11 (^^C), 
nitrogen- 13 (*^N), and oxygen- 15 (^^O). Radionuclides are employed as radioactive 
tracers called "radiopharmaceuticals" by incorporating them into substances such as 
glucose or carbon dioxide. One common use for radiopharmaceuticals is in the 
medical imaging field. 

[0026] To use a radiopharmaceutical in imaging, the 
radiopharmaceutical is injected into a patient and accimiulates in an organ, which is to 
be imaged. It is known that specific radiopharmaceuticals become concentrated 
within certain organs. The process of concentrating often involves processes such as 
glucose metabolism, fatty acid metabolism and protein synthesis. 
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[0027] After the radiopharmaceutical becomes concentrated within 
an organ and while the radionuclides decay, the radionuclides emit positrons. The 
positrons travel a very short distance before they encounter an electron and, when the 
positron encounters an electron, the positron is annihilated and converted into two 
photons, or gamma rays. This annihilation event is characterized by two features 
which are pertinent to medical imaging and particularly to medical imaging using 
PET. First, each gamma ray has an energy of approximately 511 keV upon 
annihilation. Second, the two gamma rays are directed in nearly opposite directions. 

[0028] In PET imaging, if the general locations of annihilations can 
be identified in three dimensions, a 3-dimensional (3D) image of radiopharmaceutical 
concentration in an organ can be reconstructed for observation. To detect annihilation 
locations, a PET camera is employed. An exemplary PET camera includes a plurality 
of detectors and a processor which, among other things, includes coincidence 
detection circuitry. 

[0029] The coincidence circuitry identifies essentially simultaneous 
pulse pairs which correspond to detectors which are essentially on opposite sides of 
the imaging area. Thus, a simultaneous pulse pair indicates that an annihilation has 
occurred on a straight line between an associated pair of detectors. Over an acquisition 
period of a few minutes millions of annihilations are recorded, each annihilation 
associated with a unique detector pair. After an acquisition period, recorded 
annihilation data can be used via any of several different well known image 
reconstruction methods to reconstruct the 3D image of the organ. 

[0030] As used herein, an element or step recited in the singular and 
preceded with the word "a" or "an" should be understood as not excluding plural the 
elements or steps, unless such exclusion is explicitly recited. Furthermore, references 
to "one embodiment" of the present invention are not intended to be interpreted as 
excluding the existence of additional embodiments that also incorporate the recited 
features. 

[0031] Also as used herein, the phrase "reconstructing an image" is 
not intended to exclude embodiments of the present invention in which data 
representing an image is generated but a viewable image is not. Therefore, as used 
herein the term "image" broadly refers to both viewable mages and data representing a 
viewable image. However, many embodiments generate (or are configured to 
generate) at least one viewable image. 
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[0032] Referring to Figures 1 and 2, a multi-slice scanning imaging 
system, for example, a CT imaging system, is shown as including a gantry 12 
representative of a "third generation" CT imaging system. Gantry 12 has an X-ray 
source 14 that projects a beam of X-rays 16 toward a detector array 18 on the opposite 
side of gantry 12. Detector array 18 is formed by a plurality of detector rows (not 
shown) including a plurality of detector elements 20 which together sense the 
projected X-rays that pass through a subject, such as a medical patient 22. Each 
detector element 20 produces an electrical signal that represents the intensity of an 
impinging X-ray beam and hence allows estimation of the attenuation of the beam as 
it passes through patient 22. During a scan to acquire X-ray projection data, gantry 12 
and the components moimted thereon rotate about a center of rotation 24. 

[0033] It is noted that a CT imaging system can be combined with a 
PET imaging system to form a PET/CT imaging system 10. In one embodiment, 
PET/CT imaging system 10 includes a plurality of PET detectors 54, rotating rod 
sources (not shown) and a PET circuitry 56 within gantry 12. An example of such as 
PET/CT system is a Discovery LS PET/CT system conmiercially available from 
General Electric Medical Systems, Waukesha, WI. In another embodiment, a 
PET/CT imaging system includes the plurality of PET detectors 54 and PET circuitry 
56 located with a separate gantry. An example of such a PET/CT system is a 
Discovery ST system commercially available from General Electric Medical Systems. 
In yet another embodiment, PET/CT imaging system 10 scans to provide 4- 
dimensional (4D) CT images. 

[0034] Figure 2 shows only a detector row of detector elements 20. 
However, multislice detector array 18 includes a plurality of parallel detector rows of 
detector elements 20 such that projection data corresponding to a plurality of quasi- 
parallel or parallel slices can be acquired simultaneously during a scan. 

[0035] Rotation of gantry 12 and the operation of X-ray source 14 
are govemed by a control mechanism 26 of PET/CT system 10. Control mechanism 
26 includes an X-ray controller 28 that provides power and timing signals to X-ray 
source 14 and a gantry motor controller 30 that controls the rotational speed and 
position of gantry 12. A data acquisition system (DAS) 32 in control mechanism 26 
samples analog data from detector elements 20 and converts the data to digital signals 
for subsequent processing. An image reconstructor 34 receives sampled and digitized 
X-ray data from DAS 32 and performs high-speed image reconstruction. The 
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reconstructed image is applied as an input to a computer 36 which stores the image in 
a mass storage device 38. 

[0036] Computer 36 also receives commands and scanning 
parameters from an operator via console 40 that has a keyboard. An associated 
cathode ray tube display 42 allows the operator to observe the reconstructed image 
and other data from computer 36. The operator supplied commands and parameters 
are used by computer 36 to provide control signals and information to DAS 32, X-ray 
controller 28 and gantry motor controller 30. In addition, computer 36 operates a 
table motor controller 44 which controls a motorized table 46 to position patient 22 in 
gantry 12. Particularly, table 46 moves portions of patient 22 through gantry opening 
48. 

[0037] Computer 36 is electrically coupled to a physiological 
information device (PED) 60 to identify or determine, a physiological cycle of an 
object, such as, heart or lungs, of patient 22. More specifically, PID 60 is coupled to 
computer 36 and generates a physiological cycle signal representative of respiration, 
including a plurality of phases, of patient 22. The physiological cycle signal that is 
representative of respiration of patient 22 is referred to as a respiratory signal. 

[0038] In one embodiment, information associated with the 
respiratory signal of patient 22 is stored in a text file. The text file includes a header 
section and a data section. The header includes patient ID, date, time, total study 
time, samples per second, number of respiratory cycles, and number of phases in a 
cycle. The data section includes a digitized value of the respiratory signal. X-ray 
number, mark, and phase. Examples of marks include G, GZ, O, OZ, E, and EZ, 
where G indicates that X-Ray source 14 is tumed on, Z represents phase 0, O indicates 
that X-Ray source 14 is tumed off, and E represents end of the text file. An example 
of a suffix of the text file is ".vxp*'. In another embodiment, the text file includes no 
space character. In yet another embodiment, tags of the text file that are kept constant 
are header, data, cyclical redundancy check (CRC), version, data_layout, Patient_ID, 
Date, Total_study__time, Samples_j)er_second, amplitude, phase, timestamp, validflag, 
ttlin, and mark, where Samples__per_second is an integer, amplitude is a float value, 
phase is a float value, timestamp is an integer, validflag is an integer, ttlin is an integer 
value, a tag value deUmiter is "=", a data layout delimiter is a date delimiter is 
the mark is "Z" or "P", and a timestamp is in milliseconds. In the yet another 
embodiment, if ttlin is 0, X-Ray source 14 is tumed on and if ttlin is 1, X-Ray source 
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14 is turned off. Alternatively, if ttlin is 1, X-Ray source 14 is turned on and if ttlin is 
0, X-Ray source 14 is turned off. The respiratory signal is stored in a computer- 
readable medium 52, which is described in detail below. 

[0039] In one embodiment, computer 36 includes a device 50, for 
example, a floppy disk drive or CD-ROM drive, for reading instructions and/or data 
from computer-readable medixun 52, such as a floppy disk or CD-ROM. In another 
embodiment, computer 36 executes instructions stored in firmware (not shown). 
Computer 36 is programmed to perform functions described herein, and as used 
herein, the term computer is not limited to just those integrated circuits referred to in 
the art as computers, but broadly refers to computers, processors, microcontrollers, 
microcomputers, programmable logic controllers, application specific integrated 
circuits, and other programmable circuits, and these terms are used interchangeably 
herein. 

[0040] Although the specific embodiment mentioned above refers to 
a third generation CT system coupled with PET system, methods for improving 
usability of images for medical applications equally apply to fourth generation CT 
systems that have a stationary detector and a rotating X-ray source, fifth generation 
CT systems that have a stationary detector and an X-ray source. 

[0041] Additionally, although the herein described methods are 
described in a medical setting, it is contemplated that the benefits of the methods 
accme to non-medical imaging systems such as those systems typically employed in 
an industrial setting or a transportation setting, such as, for example, but not limited 
to, a baggage scanning system for an airport, other transportation centers, government 
buildings, office buildings, and the like. The benefits also accrue to micro PET and 
CT systems which are sized to study lab animals as opposed to humans. 

[0042] Figure 3 is a block diagram of connectors 70, 72, and 74 
between PID 60 and computer 36. Connector 70 is coupled to connectors 72 and 74 
via connections 76 and 78, such as cables with each cable having a length of 450 
millimetres (mm). An example of connector 72 includes a cardiac lemo connector 
and an example of connector 74 includes a puhnonary lemo connector. The following 
table shows functions of pin outs 1-6 of connectors 72 and 74. 



Pm 



i>ignal Description 



INumber 




1 


Not used 


2 


Not used 


3 


X-ray_on(Resp_mon) 


4 


X-ray_on_rtn(Kesp_mon_rtn) 


5 


Resp_tngger 


6 


Resp_tngger_rtn 



Table 1 

[0043] Figure 4 is a circuit diagram of a circuit for receiving 
Resp_mon signals from PID 60 and sending Resp_mon_rtn signals to PID 60. The 
circuit is located within computer 36. 

[0044] The user can launch the method for improving usability of 
images for medical applications from a browser by selecting images of objects within 
patient 22 obtained using PET/CT system 10. The user can load a subset of the 
images by selecting some of the images in the browser before launching the method. 
In one embodiment, images corresponding to multiple patients are not loaded. If 
images corresponding to multiple patients are selected in the browser, an error 
message is posted to inform the user of such an error and the method exits. Upon 
loading images, the method ensures that the images comply with a particular standard. 
If the standard is not met, a proper error message is posted to inform the user of the 
specific error and the method is terminated due to error. Moreover, upon loading 
images, the method ensures that there are at least a certain number of images, such as, 
for instance, 5 images, that are selected in the browser. Otherwise, a message is 
posted to inform the user and the method terminates. Furthermore, upon loading 
images, the method ensures that a scan mode for the images selected in the browser is 
vaUd. For instance, upon loading images, the method vahdates that cine and helical 
modes are used to obtain images. If the scan mode is not valid, an error message is 
posted to inform the user of the error and the method ends. 
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[0045] Additionally, upon loading images, the method ensures that 
images selected in the browser are acquired from a particular scaimer, such as, for 
instance, CTi, HI, H2, H3, H4 or Pacific Star, manufactured by General Electric 
Company. If the Scanner Type is not supported, a message is posted to inform the 
user of the error. In another embodiment, there is a verification or a validation 
whether projection data is generated by a scanner manufactured by General Electric 
Company. In the embodiment, the method does not verify or validate projection data 
generated by a scanner not manufactured by a specific manufacturer. In another 
embodiment, the method does not verify or validate projection data generated by a 
scanner not manufactured by a specific manufacturer vmless information regarding 
acquisition times of images generated using a scanner not manufactured by the 
manufacturer can be obtained from header of the images. 

[0046] Moreover, upon loading images, the method ensures that each 
patient's identification number (ID) on each image header matches with patient IDs 
stored on computer-readable medium 52. Computer-readable medium 52 is present in 
device 50 at the time the method is launched by selecting the browser. In the case of 
patient ID mismatch due to an incorrect ID, there is a message to inform the user of 
the problem and the user is enabled to re-load another respiratory signal or to abort 
loading the other respiratory signal. To re-load the other respiratory signal, the user 
inserts a different computer-readable medium with a correct respiratory signal and 
selects a "Retry" button. In the case where the user decides to proceed further, the 
user selects a "Continue" button. If the user chooses to continue, the existing 
respiratory signal, which has the incorrect Patient ID, is used. 

[0047] After the method is lavinched, a study screen is displayed with 
the following patient demographic fields: 



Field IName 


Type/Format 


Editable? 


Patient lU* 


Label 


No 


Patient Name* 


Label 


No 


Exam Date* 


Text/YYYVMMDD 


No 


Birth Date* 


Numeric text/YYY YMMi>L) 


No 
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Age'^ 


Numeric text 


No 


Gender' 


Toggle button 


No 


Weight 


Numenc text 


No 


Refemng 
physician* 


Free text 


No 


Radiologist* 


Free text 


No 


History* 


Free text 


No 


Study notes 


Free text 


Yes 


Prepared by 


Free text 


Yes 



Table 2 

[0048] All patient demographic fields denoted as are pre-fiUed 
with information available on image header of images selected in the browser. If the 
contents of a patient demographic field are empty, the patient demographic field is left 
empty. If the "Age" field is empty, it is computed based on the "Birth Date" field if 
available. Otherwise, the "Age" field is empty. In one embodiment, all patient 
demographic fields on the study screen are not editable except for the "Study notes" 
and "Prepared by" fields. The user is able to add comments in the "Study notes" and 
"Prepared by" Fields. In another embodiment, there is a button labeled "Create Text 
Page" on the study screen. The "Create Text Page" button allows the user to create a 
secondary screen capture image, which captures any text in "Study notes" and 
"Prepared by" and captures patient ID, patient name, exam number, and original series 
number. The secondary screen capture follows all restrictions, such as, for example, 
series description or series number convention, as any normal screen capture used in 
the method. 

[0049] Figure 5 is a flowchart of an embodiment of a method for 
improving usabiUty of images for medical applications. Computer 36 executes the 
method after obtaining images firom image reconstructor 34 and after receiving a 
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physiological cycle signal, such as a respiratory signal of patient 22 from PDD 60. It is 
noted that in an alternative embodiment, computer 36, computer-readable medium 52, 
console 40, and display 42 are located across a network, such as a local area network 
or a wide area network, from remaining components of PET/CT system 10. In the 
altemative embodiment, the method is saved in storage device 38 by image 
reconstructor 34 and is communicated across the network to computer 36. Moreover, 
in the altemative embodiment, the physiological signal is saved in computer-readable 
medium 52, which is transported across the network, and the method is accessed from 
computer-readable medium 52 by using computer 36. 

[0050] The method includes instmcting 90 PET/CT system 10 to 
scan patient 22 to obtain projection data and generate images from the projection data. 
The method fiirther includes instructing 92 PID 60 to obtain a physiological cycle 
signal of an object within patient 22. The method also includes validating 94 the 
motion of the object and calculating 96 phases of the images. As an example, the 
respiratory signal from patient 22 is validated by determining whether amplitudes and 
periods of respiratory cycles of the respiratory signal lie within a percentage. An 
example of a respiratory signal is a respiratory signal having 12 respiratory 
cycles/second, which can be used as a default value. An illustration of variation of 
periods of respiratory cycles is a 0.5 second variation on an average respiratory cycle 
of 4 second. Large variations in the amplitudes could potentially cause a 
misregistration of location of the object. Moreover, large variations in the periods 
could potentially cause a misalignment of phases which could cause a gap in images 
selected using an automatic image selection described below. However, the 
magnitudes of periods and the amplitudes are settings in PID 60 and are controllable 
by the user. Furthermore, since PID 60 has an ability to detect the variations in the 
periods, variations in the amplitudes, and records confidence levels of respiratory 
sample points of the respiratory signal, the motion of the object may not be validated. 
Moreover, as described later, the confidence levels are considered when a phase of 
each image is computed. In addition, since the respiratory signal includes data during 
patient 22 's preparation prior to scanning patient 22, all respiratory sample points 
prior to a first time the X-Ray source 14 is turned on are excluded. All calculations 
described as a part of the method are done with respiratory sample points acquired 
when X-Ray source 14 is turned on. 

[0051] The method further includes calculating 98 target phases that 
can be used to sort images obtained using PET/CT system 10 and sorting 100 the 
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images based on the target phases. Target phases are calculated by computing an 
average delta phase, which is a sum of phase differences between phases of 
consecutive images in all cine scans of patient 22 divided by a total number of images 
in all the cine scans. A number of phases is computed by dividing 2n by the average 
delta phase. The automatic image selection, described below, is perfomied by 
specifying a phase of a first image in a first cine scan of patient 22 as a target phase. 
The automatic image selection results in a set of images and phases of the images in 
the set are averaged to calculate an average phase. The average phase is used as a 
starting target phase. Subsequent target phases are calculated as a sum of a previous 
target phase and the average delta phase. All target phases can be sorted in an 
incremental or a decremental fashion. 

[0052] Figure 6 shows a graph illustrating an embodiment of step 96 
of calculating phases. Step 96 includes reading, firom an image header of each image, 
spatial location at which each image is obtained and a delta start time, which is a time 
difference between a time at which X-ray source 14 is tumed on and a time of image 
acquisition. Step 96 further includes obtaining phases of respiratory cycles of the 
respiratory signal, obtaining X-ray information such as times at which X-Ray source 
14 is tumed on and off, and obtaining confidence level information that indicates 
confidence levels of sample points on the respiratory signal. The sample points are 
referred to as respiratory sample points. The confidence levels are determined by 
correlating times at which images are acquired using PET/CT system 10 with times at 
which respiratory sample points are acquired. 

[0053] Step 96 also includes calculating an image start scan time 
(isst) for each image, an image mid scan time (imst) for each image, and an image end 
scan time (iest) for each image. The isst is calculated as follows: 

isst = delta start time + scan start time (1) 

where scan start time is a time at which X-ray source 14 is tumed on. 

The imst is calculated as follows: 

imst = delta start time + scan start time + (duration/2) (2) 

where duration is a time difference between the iest and the isst. 

The iest is calculated as follows: 
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iest = delta start time + scan start time + duration (3) 

The following assumptions are made in calculating the isst, imst, and 
iest: 1) The scan start time is a time at which an X-ray signal changes from 1 to 0, as 
shown in Figure 7, for a first time during a respiratory cycle of the respiratory signal. 
2) All other scan start times are obtained in a similar manner by searching times at 
which an X-ray signal from X-Ray source 14 changes from 1 to 0 during a respiratory 
cycle of the respiratory signal. 

[0054] Step 96 fiirther includes obtaining a mid scan sample point for 
each image. A mid scan sample point satisfies the following conditions: 1) X-Ray 
source 14 is turned on at a time corresponding to the mid scan sample point, and 2) If 
the imst is in the middle of two respiratory sample points, a respiratory sample point 
closest to a scan start time is chose as the mid scan sample point. 

[0055] Step 96 fiuther includes obtaining respiratory sample points, 
such as respiratory sample points 110 and 112, located symmetrically around the mid 
scan sample point. Criteria used to obtain respiratory sample points that are 
symmetrically located around the mid scan sample point are: 1) X-Ray source 14 is 
turned on at a time corresponding to a respiratory sample pomt. 2) Confidence level 
for the respiratory sample point is non-negative. Such respiratory sample points at 
which X-Ray source 14 is turned on and confidence level is non-negative are referred 
to as valid respiratory sample points. 3) A number N of vahd respiratory sample 
points used to calculate a phase of each image are defined via an environmental 
variable. The environmental variable is referred to as a minimum number of valid 
respiratory sample points. There also exists another environmental variable, which 
defines a maximum number of vaUd respiratory sample points. Alternatively, step 96 
includes satisfying the maximum number of vaUd respiratory sample points. For the 
purpose of analyzing data corresponding to the respiratory signal, step 96 includes 
writing to the log file the number of valid respiratory sample points. 4) The 
respiratory sample points are searched symmetrically from the mid scan sample point 
outward. If a particular respiratory sample point on one side of the mid scan sample 
point does not satisfy the confidence level, then the next pair of respiratory sample 
points is considered on both sides of the mid scan sample point. This means that 
opposite respiratory sample points on each side of the mid scan sample point should 
satisfy all the mentioned criteria to be considered valid respiratory sample points. 5) 
The search for valid respiratory sample points is limited to a total number of 
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respiratory sample points falUng within an acquisition period. The total number of 
respiratory sample points for an image depends on a sampling rate at which the 
respiratory signal is sampled and duration of the image. 

[0056] Step 96 further includes calculating a phase for each image. 
The phase of each image is computed as an average of phases of valid respiratory 
sample points associated with each image. The phase of each image includes the 
phase of the mid scan sample point unless confidence level for the mid scan sample 
point is less than 0. Phases of each respiratory sample point of the respiratory signal 
range between 0 and 2%. When calculating the phase of each image, phases of each 
valid respiratory sample point is translated from a 0 to 27i scale to a 0 to 100 scale. If 
a valid respiratory sample point cannot be found for an image, the image is a "Phase- 
Less" image. A "phase-less" image is excluded from the automatic image selection, 
which is described below. However, the user can also select a "phase-less" image 
manually. 

[0057] Figure 7 is a plurality of graphs illustrating step 100 of sorting 
images. Graph 120 shows a respiratory signal of patient 22 and graph 122 shows an 
x-ray signal from X-Ray source 14. Step 100 of sorting images includes grouping 
images having the same spatial location along a z-axis that lies along a length of 
patient 22 to form groups and selecting one image in each group. For example, 
images obtained from a single cine scan by using a detector array in a 4 slice 
configuration are grouped into 4 groups 124, 126, 128, and 130. As another example, 
images from a single cine scan are grouped into groups of integral number greater 
than 0. The number of images in each group obtained from a cine scan are the same. 
The number of images in each group depends on a duration of a cine scan and 
depends on time between acquisition of images. According to a scanning protocol, a 
duration of a cine scan is an average respiratory cycle time of the respiratory cycles of 
respiratory signal plus one additional second for over scan. 

[0058] Step 100 of sorting images ftirther includes selecting one 
image, such as images 132, 134, 136, and 138, in each group satisfying at least one of 
the following conditions: 1) Phase difference from a target phase should be within a 
phase tolerance. The phase tolerance is configured via a user interface, described 
below, to allow the user to modify the phase tolerance for specific needs of the user. 
Clinically, phase tolerance can be a fiinction of a target phase or other factors. Before 
there is any projection data acquired, a constant fimction is appHed and a constant can 
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be configured. A value of the phase tolerance is an average delta phase in a first scan 
performed using PET/CT system 10. The average delta phase is calculated as a sum 
of phase differences between consecutive images within a respiratory cycle divided by 
a total number of images in the respiratory cycle. It is noted that the smaller the phase 
tolerance is, the more likely it is that an image is not selected. 2) If there are two 
adjacent images, which are within the phase tolerance, the image with a phase closest 
to the target phase is selected. 3) If there are multiple images within the same z- 
location, which satisfies condition 1, an image that is near to an imst in a cine scan 
will be selected. The selection of images, such as images 132, 134, 136, and 138 in 
each gfovap is the automatic image selection. 

[0059] The automatic image selection selects images based on a 
target phase specified by the user and a configurable phase tolerance. However, there 
are many reasons that could cause an in-contiguity in an image set obtained fixjm the 
automatic image selection. Examples of the reasons include slow breathe of patient 
22, some abnormal occasions during a scan or a very small phase tolerance. In such a 
scenario, a warning message is posted to inform the user of a slice location at which 
no image is selectable for a given target phase and a phase tolerance. The user can 
perform a manual image selection, which overwrites the phase tolerance. 

[0060] Since PID 60 is not synchronized with a scaimer of PET/CT 
system 10, phases of images in different cine scans are different. However, through 
the use of a proper inter scan delay (ISD) and time between image acquisitions, phase 
difference between images belonging to different cine scans is minimized. For 
example, when the ISD plus an over scan time is an integral multiple of the time 
between image acquisitions, an ideal condition to obtain congruence between phases 
of images in different cme scans is achieved. 

[006 1 ] Figure 8 shows an embodiment of a user interface or an image 
selection screen that enables the user to select phases and phase tolerances of images. 
The image selection screen includes a "Potential Target Phase" list (not shown), an 
"Add" button, an "Update" button, a "Phase List-Select" region 150, a "Remove" 
button, a "Display" button, a respiratory signal panel 152, an image viewer 154, and a 
"Help" button. Phase of a respiratory signal of patient 22 is measured along a vertical 
axis of respiratory signal panel 152 and time is measured along a horizontal axis of 
respiratory signal panel 152. The user changes the period of a respiratory signal in 
respiratory signal panel 152 and position of a zero phase pulse of the respiratory 
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signal by moving the vertical axis so that image acquisition appears to start at the zero 
phase pulse. 

[0062] When the "Potential Target Phase" list is selected, a list of all 
possible phases for a current study of patient 22 is displayed. When a target phase is 
selected by the user in the "Potential Target Phase" list, respiratory signal panel 152 
displays all images for the target phase that is selected. In addition, image viewer 154 
updates accordingly. The user can over-write the images displayed for the target 
phase selected by the user by selection of different images on image viewer 154 or on 
respiratory signal panel 152. Once the user is satisfied with the images selection for a 
phase selected by the user, the user can save the target phase selected by the user via 
an "Add" button. 

[0063] The "Add" button enables the user to create a list of all target 
phases for reviewing purposes. The "Add" button is only operable when there is a 
target phase selected by the user on the "Potential Target Phase" list. Every time the 
"Add" button is selected, a target phase selected by the user via the "Potential Target 
Phase" list is added to "Phase List-Select" region 150. The phase added to "Phase 
List-Select" region 150 is highlighted on the "Phase List-Select" region and the "Add" 
button becomes inoperable. To add another target phase to "Phase List-Select" region 
150, the user selects a target phase on the "Potential Target Phase" list and selects the 
"Add" button again. It is noted that at the time when a phase is added to the 
'Totential Target Phase" list, there is no generation of corresponding images or 
storage of the images in storage device 38. To save a series of images in storage 
device 38, a "Save Series" button described below is selected by the user. 

[0064] The "Update" button enables the user to update an existing 
target phase with its associated images. To do so, the user selects a target phase in 
"Phase List-Select" region 150. A highlighted phase on "Phase List-Select" region 
150 is updated accordingly once the user selects the "Update" button. Once an 
existing target phase is updated, the user can overwrite an image on image viewer 154 
or on respiratory signal panel 152 with a different image. The "Update" button is 
operable when the user selects a target phase in the "Phase List-Select" region 150. 
When multiple target phases are selected in "Phase List-Select" region 150, the 
"Update" button is inoperable. 

[0065] "Phase List-Select" region 150 enables the user to review 
target phases with its associated images. To view the images associated with a target 
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phase, the user selects the target phase on "Phase List-Select" region 150. Image 
viewer 154 is updated to show all images belonging to the target phase selected on 
"Phase List-Select" region 150. In addition, respiratory signal panel 152 is updated to 
show images for the target phase selected on "Phase List-Select" region 150. In an 
embodiment, there is a vertical scroll bar to scroll through "Phase List-Select" region 
150 if "Phase List-Select" region 150 becomes too extensive to be displayed on a 
single screen. 

[0066] The "Remove" button enables the user to remove a target 
phase from "Phase List-Select" region 150. To remove a target phase, the user selects 
a target phase in "Phase List-Select" region 150 and clicks on the "Remove" button. 
When multiple target phases are selected to be deleted, image viewer 154 and 
respiratory signal panel 152 displays target phases that are selected first by the user 
among the multiple target phases. 

[0067] A display menu that is accessed by selecting the "Display" 
button includes at least one of the following options: 1) An image display format, for 
example, a 5x4 image display format, a 3x2 image display format, or a 2x1 image 
display format, where the 5x4 image display format is a default format. 2) An 
"Annotation On" of an "Annotation Off, where, for example, tiie "Annotation On" is 
a default. An example of an annotation of an image is shown in Figure 9. 3) A **New 
Respiratory Waveform" option enables the user to load a new respiratory signal. Once 
the new respiratory signal is loaded, the "Potential Target Phase" hst is updated 
according to the new respiratory waveform. However, any existing phases in "Phase 
List-Select" region 150 are removed. On loading the new respiratory signal, the 
method ensures that patient 22's ID for a current study matches that on computer- 
readable medium 52. If a mismatch occurs, a message is posted to inform the user of 
such an error. The user has an option of continuing or reloading another respiratory 
signal by using a different computer-readable medium 52. 4) A phase tolerance text 
field has a default value that is half of the average delta phase. In one embodiment, 
the phase tolerance text field is an integer value ranging fi-om 0 to 50. The integer 
value represents an allowable percentage phase tolerance that is used to perform the 
automatic image selection. For example, if a target phase value is 50% and a phase 
tolerance is entered as 20% by the user, any image whose phase ranges from 30% to 
70% is selectable. Once the user enters a phase tolerance and selects a "Return/Enter" 
key on the keyboard of console 40 linked to computer 36, respiratory signal panel 152 
is updated to correspond to the phase tolerance. In addition, images for all existing 
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phases are re-selected. Moreover, there is a popup message that suggests the user to 
review images associated with any previous target phases. 

[0068] Respiratory signal panel 152 enables visualization of a 
respiratory signal of patient 22. Images are display as color-coded diamonds on 
respiratory signal panel 152. As an example, blue diamonds signify images selected 
using the automatic image selection, white diamonds signify images currently 
displayed in image viewport, yellow diamonds signify "Phase-less" images, red 
diamonds denote images selected using the automatic image selection and have been 
re-selected by the user, and grey diamonds indicate all other images. Position of each 
diamond on respiratory signal panel 152 indicates a phase of an image. 

[0069] In addition, the number of phases are represented in a single 
row on image viewer 154 and number of z locations are represented in a single 
column on image viewer 154. An average period of respiratory cycles of a respiratory 
signal, a maximum value of respiratory cycles of the respiratory signal, and a 
minimum value of respiratory cycles of the respiratory signal are printed on the 
bottom of respiratory signal panel 152. 

[0070] A line, such as a red line, signifies a current target phase. To 
help the user to visuaUze ranges of the phases selected for a given target phase, there 
are two horizontal lines showing a maximum phase and a minimum phase. The 
maximum and minimum phases do not include any information on the "Phase-less" 
images. The horizontal lines corresponding to maximum and minimum phases are 
adjusted accordingly as unages are manually selected. However, the user is unable to 
select images outside of a phase tolerance. To select images outside of the phase 
tolerance, the user increases the phase tolerance. If images for a target phase are not 
selected, there is a message posted to indicate z locations of such images. 

[0071] Image viewer 154 enables the user to review images in a 
display format specified in the display menu described above. Images are displayed 
in at least one of the following fashions: 1) Images are aligned based on their spatial 
location as well as their imst. 2) Images in the same horizontal row have the same 
spatial location. Alternatively, images in the same vertical column have the same 
spatial location. 3) Images in the same vertical column have the same imst which 
means they belong to the same phase. Alternatively, images in the same horizontal 
row have the same imst. 4) A green diamond on an upper left comer of a view port in 
which an image is displayed signifies that the image belongs to a current target phase, 
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which is a target phase selected using the automatic image selection or is selected by 
the user from "Phase List-Select" region 150. 5) There exists vertical and horizontal 
scroll bars (not shown) to navigate through image viewer 154. 6) Window level, 
roam, zoom and paging operations are supported by the method. As an example, the 
user can page through all images in the same phase via a vertical paging icon (not 
shown) or can page through images with the same spatial location via a horizontal 
paging icon (not shown). 7) F-keys provided on the keyboard of console 40 to change 
a preset window level are supported by the method. The "Help" button provides 
access to on-line help documents. 

[0072] Figure 10 shows an embodiment of an image review screen 
used by the user to review images that are selected by the user for each target phase. 
The review of the images is optional. Image review screen includes an image viewer 
160, a "Sync On" button, a "Delete" button, "Phase List-Select" region 150, a 
"Display" button, and flie "Save Series" button. 

[0073] The user can review images by selecting target phases in 
"Phase List-Select" region 150 and selecting a "Review" Button. Moreover, once an 
operation is requested, it is applied to all screens, including the image selection screen 
and the image review screen. For example, window level, roam, zoom and paging 
operations are similar to that on the image selection screen. 

[0074] Different layouts can be used as a default format of image 
viewer 160 of the image review screen. As an example, a default format of image 
viewer 160 of image review screen is set to be a 2x2 layout. Arrangement of image 
viewer 160 depends on a number of phases the user has selected to review. As an 
example, if a single target phase is selected in "Phase List-Select" region 150, the 
default format is changed to a 1x1 layout where user can page through all images for a 
target phase. In the example, the user can use PageUp/PageDown keys (not shown) to 
page through the images. In the example, the user can switch the display format to 
2x2 and use a PageUp/PageDown key to traverse through four images at a time. As 
another example, if two target phases are selected in "Phase List-Select" region 150, 
the display format available is the 2x2 layout. Left two viewports of image viewer 
160 display images from a target phase that is selected first by the user, and the right 
two viewports display images from a target phase that is selected second by the user. 
The user can synchronize/de-synchronize paging of images via the use of the "Sync 
On" button. Image location is used to synchronize two image sets. In the 2x2 layout, 
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the PageUp/PageDown key traverses through two images at a time. As yet another 
example, if three target phases are selected in "Phase List-Select" region 150, a 2x2 
layout is available to review images from all three phases. In the example, the lower 
right viewport of image viewer 160 is empty. An upper left viewport of image viewer 
160 displays images in a target phase selected by the user first, an upper nght 
viewport of image viewer 160 displays images in a target phase selected by the user 
second, and a lower left viewport displays images in a target phase selected third by 
the user. The user can synchronize the review as mentioned above, hi the example, a 
PageUp/PageDown key allows the user to traverse through one image at a time in all 
viewports of image viewer 160. As another example, if there are four or more target 
phases selected in "Phase List Select" region 150, the first four phases are displayed 
in a 2x2 layout. In the example, each viewport displays an image set for a target 
phase. In the example, the user can synchronize the review as mentioned above and a 
PageUp/PageDown key enables the user to traverse through one image at a time m all 
viewports of image viewer 160. F-keys to change preset window levels are supported 
by the method. 

[0075] The "Sync On" button is used to synchronize or de- 
synchronize images in image viewer 160. The "Sync On' button toggles between 
synchronized and de-synchronized states. 

[0076] The "Delete" Button is used to remove unwanted target 
phases. Functionality of the "Delete" button is similar to that described for the 
"Remove" button on the image selection screen. 

[0077] "Phase List-Select" region 1 50 allows the user to select target 
phases to review. Multiple selection is available, however, only first four selected 
target phases are displayed on image viewer 160. 

[0078] A display menu is accessed by selecting the "Display" button 
on the image review screen. The display menu includes at least one of the following 
options: 1) An image display format, for example, a 5x4 image display format, a 3x2 
image display format, or a 2x1 image display format, where the 5x4 image display 
format is a default format. 2) An "Amiotation On" of an "Annotation Off, where, for 
example, the "Amiotation On" is a defauU. 3) A "Grid Line On" of a "Grid Line Off. 
where, for example, the "Grid Line On" is a default. 
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[0079] Once the user finishes reviewing images for each target phase, 
the user can save the images into storage device 38 via the "Save Series" button. The 
images are saved in a single phase-series fashion, where all images in the same target 
phase and the same phase tolerance are generated in the same series. The user can 
select a single target phase or multiple target phases from "Phase List-Select" region 
150. When the "Save Series" Button is selected, a popup window is posted to display 
all existing phases in "Phase List-Select" region 150. 

[0080] Figure 1 1 shows an embodiment of a popup window that is 
displayed when the "Save Series" button is selected. Next to each field in which 
target phases of images are shown, tiiere exists a series number text field to allow the 
user to enter the series number for each target phase to be saved. As an example, the 
series number is a positive number and has at most 3 digits. The user enters the Series 
Niraiber of a target phase and has an option to leave remaining series number text 
fields empty. In such a case, the series number of the target phase entered to create 
series numbers for subsequent phases in an incremental fashion is used. For example, 
if the user designates "400" as a series number for phase 0, series numbers "410", 
"420" and so on for subsequent phases are created. In addition to the series number 
text fields, there exists a check box for each existing target phase. In one 
embodiment, the defauh is that check boxes corresponding to all target existing 
phases are checked. 

[0081] On selecting the "Save Series" button, the method checks to 
ensure that a series number for a saved series does not currently exist in storage device 
38. If duplication is detected, the user is notified of such duplicate series. The user 
has the option to change tiie series number or to proceed with the series number. 
When the user decides to proceed with the series number, images associated with 
target phases are generated and installed in storage device 38. 

[0082] Series description for the saved series includes a target phase, 
a maximum phase, and a minimum phase. It is noted that in one embodiment, the 
target phase, the minimum phase, and the maximum phase are not saved in an image 
header of an image of a saved series. 

[0083] It is also noted that the method for improving usability of 
images for medical applications can be implemented in a single photon emission 
computed tomography (SPECT) system, such as, a SPECT system that scans to 
provide 4D CT images. It is fiirther noted that in an embodiment of the method, 
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respiratory signal of patient 22 covers an entire scan. Otherwise, images having no 
corresponding respiratory signal ranges will not be considered during the automatic 
image selection. In such a case, a warning message is posted to inform the user of the 
error. Images, which do not have an associated respiratory signal are not displayed or 
selected by the automatic image selection. If the error of not having an associated 
respiratory signal is encountered after the automatic image selection, an image 
selected using the automatic image selection is clipped. 

[0084] Moreover, it is noted that an embodiment of the method is 
executed in a cine full scan mode, where a scan duration at each z-location is equal to 
a sum of a respiratory cycle and speed of gantry, image slice thicknesses are 1.5 mm 
and 2.5 mm, coverage is 20-30 mm, a goal is to obtain 5 to 10 phases and 7 images at 
each spatial location, and a flat table top is provided for oncology applications. In 
another embodiment of the method, if one of HI, H2, H3, H4, and Pacific Star are 
used, a total number of images obtained is less than 1500, and if HI 6 or Hpower 
manufactured by General Electric Company are used, total number of images is less 
than 3000. Moreover, in the other embodiment, slice thickness, coverage and number 
of phases are selected by the user so that total number of images obtained do not 
exceed beyond 1500 for HI, H2, H3, H4, or Pacific Star and do not exceed beyond 
3000 for HI 6 or Hpower. In yet another embodiment, PET/CT system 10 waits 
indefinitely for X-Ray source 14 to tum on after the user activates PET/CT system 10. 
In the embodiment, acquisition of respiratory signal stops if X-Ray source 14 turns off 
for 10 seconds. 

[0085] Technical effects of the herein described methods and systems 
is to enable 2D viewing of axial images of each phase, to enable 3D volume rendering 
of each phase, to enable a physician to identify a respiratory cycle where an organ of 
interest has the largest clearance fi-om surrounding organs to plan a treatment of 
patient 22, to stop respiratory motion so that anatomical information can be registered 
in the same spatial location over a long period of time for computation of a perfiision 
map, to enable use of a scalpel to isolate a tumor within patient 22, and to enable 
projection of the tumor at an arbitrary angle, and viewing of a 4D movie of images 
scanned using PET/CT system 10. 

[0086] While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the claims. 
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